Introduction {#s1}
============

It is estimated that about 1.7 million new cases of cancer will be diagnosed in 2018 in the US with bladder cancer being the fourth most common cancer within males ([@B1]).

At the time of diagnosis, about 75--80% of bladder cancers are superficial, while the remaining 15--20% present as muscle invasive tumors. Approximately 50% of patients develop metastatic disease and in the past the median overall survival was dismal at 3--6 months without systemic treatment. The addition of cisplatin based therapy improved survival to between 12 and 15 months ([@B2]).

Despite improvement in surgical techniques, the rate of local and remote relapse remains high. The 5-year overall survival rates after radical cystectomy range from 36 to 48% for pT3-T4 and/or pN0/pN+ disease, most likely due to the presence of micro metastasis at the time of diagnosis ([@B3]).

Perioperative treatments either before or after surgery, can reduce the risk of both local and distant recurrence and increase overall survival.

Several studies and meta-analyses have been conducted, with more consistent results in favor of NC therapy, which is recommended for the treatment of MIBC (level 1 evidence). The lack of robust evidence for AC derives mainly from the difficulties in accrual and methodological problems of the trials that have been conducted in this setting. However, AC represents an important option for patients with MIBC (pT3-T4 and/orpN0 /pN+ disease) who have not received NC.

Few studies, mostly retrospective, have compared the two treatment strategies of NC and AC, so data on the optimal sequence remains controversial. The aim of this analysis is to compare the efficacy of NC and AC treatment in MIBC, based on data from the RISC database.

Materials and methods {#s2}
=====================

The Retrospective International Study of Cancers of the Urothelial Tract (RISC) is a population-based, retrospective study with the primary objective to describe the management, patterns of care and outcome of patients with urothelial cancer (clinical T-classification cT2 disease or greater). RISC consists of patient series from 28 international centers between 2005 and 2012 (some centers included patient data over this entire period, whereas others included data over a more limited number of years). Data concerning baseline characteristics, laboratory and pathology information, and treatment outcomes were collected using a password-protected, secure, web-based, electronic data capture tool. Investigators were trained using a web-based tutorial and supported by a comprehensive study training manual and data dictionary. The coordinating center, Icahn School of Medicine, Mount Sinai Hospital, New York, NY, curates the data with queries completed by each participating site. The study was approved by the ethics committees at each participating institution.

Patient inclusion criteria for the current analysis included a diagnosis of muscle invasive bladder cancer of any histology treated with NC (≥cT2, cN0, M0) followed by surgery (radical cystectomy), or the contrary, with cystectomy first, followed by AC (≥pT2, any pN, M0). Patients treated with adjuvant radiotherapy or a combination of radiation and chemotherapy were excluded, as well as those treated with both NC and AC.

The primary objectives were the comparison between NC and AC, in terms of disease free survival (DFS), overall survival (OS), and cancer specific survival (CSS), which were calculated from the time of diagnosis of muscle invasive disease until disease progression, death from any cause or specifically from cancer, respectively. DFS, OS, and CSS were calculated with 95% confidence intervals, with analysis of survival generated using the Kaplan-Meier method. The comparison between survival curves for every endpoint, was done with the log rank test ([@B4]). Hazard ratios and their 95% CI were derived from the proportional hazard model and were estimated for type of chemotherapy (NC vs. AC), histology (urothelial vs. non-urothelial), pT and pN status, Charlson index, age, gender, and smoking habits. A propensity matched analysis was also performed, matching samples according to pT and pN status.

There is an issue about what to consider as time 0 for this kind of analysis. If defined by the initiation of chemotherapy, the NC patients would necessarily have had to live longer than AC patients. That is, NC patients by definition had to live about 3--4 months longer because their time 0 was the start of NC, and by definition they had to survive to have cystectomy. On the other hand, time 0 for the AC patients would start months later at the start of chemotherapy.

At the same time, if it is considered the date of cystectomy as time 0, it still may lead to an unfair advantage for the adjuvant patients: because the receipt of AC occurs after cystectomy and patients in the AC group are defined by the receipt of AC. This group by definition still has to live long enough to receive AC and longer than NC group. So, this can deprive the NC group of 3--4 months of survival and does not allow those who did not undergo radical cystectomy to be considered in calculations of survival rates. For this reason, we felt that the soundest methodology for this type of analysis was to use time of diagnosis of bladder cancer as time 0 for both NC and AC.

Results {#s3}
=======

From 2005 to 2012 a total of 3,024 patients with urothelial cancer were included in the RISC database. Overall, 1,892 of these patients underwent surgery for MIBC and UTUC. Seventy-four patients were excluded from the original sample due to lack of data, 139 due to incomplete data concerning perioperative therapy, 39 patients with lymph node metastatic disease (cN+) were excluded from the NC group, 875 were not considered because they had not received any perioperative treatment, while 32 were left out of the analysis because they underwent both treatments (NC and AC).

Therefore, the final sample for the analysis consists of 656 patients with MIBC, treated with surgery and perioperative chemotherapy. Among patients with MIBC, 325 were treated with AC and 331 with NC (Figure [1](#F1){ref-type="fig"}).

![Flow chart: patients captured from the RISC database. UTUC, Upper tract urothelial carcinoma. This group was not included in this analysis.](fonc-08-00463-g0001){#F1}

Patient characteristics are detailed in Table [1](#T1){ref-type="table"}. The majority of patients (\>70%) were male. Other patient characteristics, in particular with regard to age (\< 65 years or ≥65 years) and Charlson index, were equally distributed among the various groups.

###### 

Patient characteristics.

  **N^°^ of patients (%)**   **NC MIBC (331)**   **AC MIBC (325)**   ***P*-value**
  -------------------------- ------------------- ------------------- ---------------
  **GENDER**                                                         
  Male                       257 (77.6)          271 (83.4)          0.06
  Female                     74 (22.4)           54 (16.6)           
  **AGE**                                                            
  \< 65 years                179 (54.1)          184 (56.6)          0.23
  ≥65 years                  145 (43.8)          139 (42.8)          
  missing                    7 (2.1)             2 (0.6)             
  **CHARLSON**                                                       
  0                          154 (46.5)          133 (41.0)          0.34
  1--2                       90 (27.2)           107 (32.9)          
  ≥3                         61 (18.4)           56 (17.2)           
  Missing                    26 (7.9)            29 (8.9)            
  **SMOKING HISTORY**                                                
  Current                    76 (30.0)           83 (25.5)           0.29
  Former                     140 (42.3)          131 (40.3)          
  Never                      89 (26.9)           72 (22.2)           
  Missing                    29 (8.8)            39 (12.0)           
  **pT**                                                             
  0                          91 (27.5)           3 (0.9)             \< !0.0001
  1                          16 (4.8)            6 (1.8)             
  2                          56 (16.9)           55 (16.9)           
  3                          87 (26.3)           165 (50.8)          
  4                          35 (10.6)           77 (23.7)           
  Ta                         6 (1.8)             1 (0.3)             
  Tis                        21 (6.3)            1 (0.3)             
  Missing                    19 (5.7)            17 (5.3)            
  **pN**                                                             
  0                          234 (70.7)          74 (22.8)           \< !0.0001
  \+                         68 (20.5)           214 (65.8)          
  x                          9 (2.7)             14 (4.3)            
  Missing                    20 (6.1)            23 (7.1)            
  **cT**                                                             
  0                          0                   1 (0.3)             0.01
  1                          6 (1.8)             15 (4.6)            
  2                          183 (55.3)          169 (52.0)          
  3                          83 (25.1)           75 (23.1)           
  4                          29 (8.8)            18 (5.6)            
  Ta                         0                   2 (0.6)             
  Tis                        0                   1 (0.3)             
  Missing                    30 (9.1)            44 (13.5)           
  **cN**                                                             
  0                          219 (66.1)          135 (41.6)          \< !0.0001
  \+                         0                   69 (21.2)           
  x                          79 (23.9)           69 (21.2)           
  Missing                    33 (10.0)           52 (16.0)           
  **HISTOLOGY**                                                      
  TCC                        237 (71.6)          248 (76.3)          0.10
  TCC+other                  44(13.3)            28 (8.6)            
  Other                      35 (10.6)           41 (12.6)           
  Missing                    15 (4.5)            8 (2.5)             
  **CT REGIMEN**                                                     
  Cisplatin based            248 (74.9)          231 (71.1)          0.18
  No CDDP based              73 (22.1)           75 (23.1)           
  Missing                    10 (3.0)            19 (5.8)            

*TCC, Transitional cell carcinoma; CT, chemotherapy; CDDP, cisplatin. Other (non-urothelial histologies: adenocarcinoma, squamous cell carcinoma, sarcomatoid carcinoma, small cell carcinoma, pure micropapillary, urachal adenocarcinoma)*.

The significant difference relative to the percentage of patients with clinically positive lymph nodes among the two groups, derives mainly from the need to exclude those patients from the NC group, as they had clear metastatic disease at the time of diagnosis and they should have been treated with more cycles of chemotherapy. Moreover, the differences between the pT and pN in the two groups may be due to down-staging as a result of neoadjuvant chemotherapy.

More than 70% of patients were smokers or former smokers, and most of them had pure urothelial histology (\>70%) in each group. Mixed histology (urothelial with other features: squamous, neuroendocrine, sarcomatoid, micropapillary, etc.) was observed in 21.9% of patients. Non-urothelial histologies were found in 23.2%of patients.

The majority of patients, both in the NC and AC setting, were treated with combination cisplatin based chemotherapy. In particular, in the MIBC NC group, 74.9% of patients were treated with cisplatin based chemotherapy, while 22.1% received treatment without cisplatin. In the MIBC AC group, 71.1% received cisplatin based therapy vs. 23.1% non-cisplatin based. The different chemotherapy regimens used are shown in the [Appendix](#SM1){ref-type="supplementary-material"} in Supplementary Material.

The median DFS was 34.6 months (95% CI: 25.3--43.9) for NC vs. 24.9 months (95% CI: 19.4--30.5) with AC, with a reduction in the risk of disease progression of 21% in favor of NC (HR: 0.78, 95% CI: 0.63--0.96, *P* = 0.02; Figure [2](#F2){ref-type="fig"}).

![Disease free survival in NC vs. AC treated patients with MIBC.](fonc-08-00463-g0002){#F2}

The median cancer specific survival (CSS) was 115.2 months (95% CI: 30.3--200.1) for NC vs. 92.8 months (95% CI: 73.3--112.3) for AC. This difference was not statistically significant (HR: 1.06, 95% CI: 0.79--1.43, *P* = 0.70; Figure [3](#F3){ref-type="fig"}).

![Cancer specific survival in NC vs. AC patients with MIBC.](fonc-08-00463-g0003){#F3}

The median overall survival (OS) was of 51.7 months (95% CI:37.8--65.6) for the NC group and 66.8 months (95% CI: 51.1--82.5) for AC. The difference was not statistically significant (HR: 1.08; 95 % CI 0.83--1.39, *P* = 0.57; Figure [4](#F4){ref-type="fig"}).

![Overall survival in NC vs. AC treated patients with MIBC.](fonc-08-00463-g0004){#F4}

There was a significant difference in DFS and OS between patients with complete pathologic response (pT0) after NC compared to those with residual disease (≥pT1; DFS at 5 years pT0 vs. ≥pT1: 62 vs. 21%, respectively, *P* \< 0.0001; OS at 5 years pT0 vs. ≥pT1: 72 vs. 31%, respectively, *P* \< 0.0001; [Appendix](#SM1){ref-type="supplementary-material"}, Supplementary Survival Curves).

There was longer DFS and OS for NC in MIBC for patients without lymph node metastasis, compared to those with lymph node involvement (DFS 5 years pN0 vs. pN+: 47 vs. 9%, respectively, *P* \< 0.0001; OS 5 years pN0 vs. pN+: 51 vs. 25%, respectively, *P* \< 0.0001; [Appendix](#SM1){ref-type="supplementary-material"}, Supplementary Survival Curves).

In the AC group, there was a significant difference in DFS (*P* = 0.001) and OS (*P* \< 0.0001) at 5 years in relation to pT status, with better results for lower stages than more advanced stages (pT2 vs. pT3 vs. pT4), while there was no significant difference for DFS (*P* = 0.11) or OS (*P* = 0.29) in relation to pathological lymph node status (pN0 vs. pN+).

In the AC group, there was also better OS at 5 years for urothelial histology than for non-urothelial tumors, (56 vs. 43%, *P* = 0.001), significant differences were observed also in DFS at 5 years (31 vs. 19%, *P* = 0.002).

A multivariate analysis of survival times (DFS, CSS, OS) was performed. The variables considered in the Cox regression model were sex, age, T, N, smoking habits, Charlson index, histology, and NC vs. AC. The hazard ratio of NC vs. AC revealed a positive effect on DFS for NC with respect to AC only in the univariate analysis, not in the multivariate analysis, and a negative effect for CSS and OS. A complete pathological response and the absence of lymph node metastasis had a significant positive impact on DFS, OS, and CSS in both multivariate and univariate analysis (Supplementary Table [1](#SM1){ref-type="supplementary-material"}). In the multivariate analysis, the HRs (adjusted for pN and pT) were in favor of AC for all the three survival endpoints.

When considering a propensity score based on the two prognostic factors (pT and pN) differences between NC and AC in DFS disappeared (*P* = 0.38); also differences in terms of CSS (*P* = 0.40) and OS (*P* = 0.26) resulted not significant.

Discussion {#s4}
==========

Muscle invasive bladder cancer is a highly aggressive disease, with a high rate of early metastatic dissemination, and a low 5-year overall survival rate. Perioperative cisplatin-based chemotherapy in addition to surgery to improve outcomes in high risk MIBC has shown increased disease control with improved survival, probably due to eradication of micrometastatic disease. Currently, the evidence favors NC, which has shown an advantage in terms of OS for cisplatin based combinations in at least two randomized trials and multiple meta-analyses.

In particular, the MRC BA06/EORTC 30894 trial, demonstrated a 10-year benefit of 6% for NC, and the SWOG study by Grossmann et al, confirmed a trend toward better OS in favor of NC with M-VAC ([@B5], [@B6]). Moreover, in 2005, a meta-analysis of 11 trials of NC encompassing 3,005 patients showed a reduction in the risk of death of 14% (HR = 0.86, 95% CI 0.77--0.95, *P*: 0.003), with a survival advantage at 5 years of 5% (from 45 to 50%) ([@B7]).

The role of AC is more controversial given data derived mainly from studies with inconsistent results due to methodological problems and inadequate patient numbers due to premature closure and poor recruitment. No single study, taken individually, has demonstrated a statistically significant benefit in survival in favor of AC with the exception of the Spanish study (Spanish Oncology Genitourinary Group-SOGUG). It showed a potential benefit in OS for AC with cisplatin, paclitaxel, gemcitabine (median OS 26 months; 5-year OS, 31%; *P* \< 0.0009), DFS (*P*: \< 0.0001), TTP (*P*: \< 0.0001), and CSS (*P*: \< 0.0002). This study was closed prematurely due to poor recruitment, and the results were presented at an ASCO meeting but have never been fully published ([@B8]).

The EORTC performed the largest AC study to date (trial 30994). This study was also hampered by difficulties in enrolment. The study evaluated immediate AC with four cycles of chemotherapy vs. observation and six cycles of chemotherapy at the time of recurrence. GC, M-VAC or HD-VAC were allowed. This study did not show a benefit in OS (adjusted HR 0.78, 95% CI.0.56--1.08; *P* = 0.13), but did reveal a highly significant improvement in PFS, with 5 year PFS of 47.6 vs. 31.8% for those given immediate adjuvant chemotherapy (HR: 0.54, 95% CI: 0.40--0.73, *P* \< 0.0001). There was, however, a benefit in OS for the subgroup of patients with negative lymph nodes (pN0) ([@B9]) and a non-significant 22.2% reduction in the risk of death with immediate adjuvant chemotherapy in the ITT population.

Meta-analyses have been conducted to clarify the role of AC. The analysis published in 2014 without the EORTC study data, showed a reduction in the risk of death with AC of 23% (HR 0.77, 95% CI 0.59--0.99; *P*: 0.049) ([@B10]). A further update of this meta-analysis, conducted with the EORTC 30994 study, demonstrated a survival benefit with immediate adjuvant treatment (HR 0.77, 95% CI 0.65--0.91; *P* = 0.002) ([@B10], [@B11]).

Therefore, at present cisplatin-based combination AC is a valuable option for patients with bladder cancer pT3-pT4, pN0/pN+, M0 who have not received preoperative treatment. Currently, it is not possible to establish with absolute certainty what is the best sequence of perioperative treatments. The most persuasive evidence has been in favor of NC.

Until now, only one study compared NC with AC in a prospective manner. This study was conducted in 2001 at the MD Anderson Cancer Center. In this trial, 140 patients were randomized to receive preoperative treatment with two cycles of M-VAC followed by surgery and three additional M-VAC cycles, or immediate surgery followed by five AC cycles. At a median follow-up of 6.8 years, no statistically significant differences were observed in OS and DSS between the two treatment groups ([@B12]).

In a retrospective study at Columbia University, OS and DSS were analyzed in 146 patients who received perioperative therapy between 1988 and 2009 (73 neoadjuvant and 73 adjuvant) ([@B11]).

In this report, no statistically significant difference between the two treatments was observed. Another retrospective study in 42 patients, compared the combination of cisplatin and gemcitabine in the NC and AC setting without demonstrating any difference in recurrence free survival (*P*: 0.124) ([@B13]). All of these results seem to suggest that the sequence of treatments surrounding cystectomy is less critical than the perioperative therapy itself.

The results of a retrospective study from the National Cancer Database were presented at the ASCO meeting in 2016. This study, based on a series of more than 1,600 patients treated with NC and 800 with AC, compared NC to AC and to surgery alone, in terms of OS. Multivariate analysis showed higher OS (*P*: 0.008) for the patients treated with NC ([@B14]). These results are not conclusive given the retrospective nature of the work, but may suggest further caution in interpretation of the results of meta-analysis and large retrospective studies in favor of the role of AC ([@B10], [@B15]).

In our retrospective study, the comparison between NC and AC was done in a broader sample of patients compared to studies conducted so far, second only to the National Cancer Data base study in size, and with a similar distribution of patients between the two treatments. Of 656 patients with MIBC of various histologies, 325 were treated with AC and 331 with NC.

Our analysis shows a statistically significant difference in DFS in favor of NC (HR: 0.78, 95% CI: 0.63--0.96, *P* = 0.02), without any significant advantage in CSS (HR: 1.06, 95% CI: 0.79--1.43, *P* = 0.70) and OS (HR: 1.08; 95 % CI 0.83--1.39, *P* = 0.57).

A possible explanation for the better DFS in the NC group may derive from the different pathological characteristics of the two groups. Indeed, in the adjuvant group, a significant percentage of patients had positive lymph nodes at diagnosis (cN+: 21.2%) and 21.2% of patients underwent surgery without data about lymph node status (cNx: 21.2%). This could justify the worse DFS of the AC group, probably due both to inadequate staging and to greater disease burden, as these patients have metastatic disease at the time of surgery and diagnosis.

The advantage in DFS does not translate into a benefit in CSS and OS. The absence of a significant difference in OS and CSS may derive from the not-negligible percentage of patients with positive lymph nodes in the NC group (pN+: 20.5%) and the number of patients without adequate pathological lymph node staging (pNx: 2.7%). These patients may have a poorer outcome due to the lack of chemotherapy responsiveness, micrometastatic disease that would later progress or a greater disease burden. Indeed, many of these patients with pN+ and pNx disease may have been under staged, and therefore not adequately treated.

Furthermore, the significance of DFS may be due to the higher number of events with respect to the number of deaths from disease considered in the CSS. When performing the Propensity Score matched for pT and pN all differences disappeared and NC and AC had a similar outcome.

Moreover, the presence of lymph node metastasis had a negative impact on outcomes in the NC group, with worse 5 year DFS and OS (DFS 5 years pN0 vs. pN+: 47 vs. 9%, respectively, *P* \< 0.0001; OS 5 years pN0 vs. pN+: 51 vs. 25%, respectively, *P* \< 0.0001). In the AC group, there are no significant differences in DFS (*P* = 0.11) or OS (*P* = 0.29) in relation to pathological lymph node status (pN0 vs. pN+).These results are not aligned with those of the EORTC adjuvant study, where the absence of lymph node involvement (p N0) was associated with better OS compared to patients with positive lymph nodes (pN+).

Similar to past studies, we observed that pathological complete response to NC (ypT0) positively influenced both DFS and OS at 5 years compared to patients with residual disease (≥pT1; *P*: \< 0.0001). The percentage of complete pathological response (pCR = ypT0) in the NC group was 27.5% slightly less than that in the pivotal SWOG study (pCR: 38%), but aligned with other cisplatin-based NC prospective and retrospective studies which have ranged from \~20 to 38% ([@B15]--[@B17]).

Whether to give NC or AC to variant histologies is a clinically relevant question. In our study, variant histology and mixed forms (urothelial with a squamous component or other types) did not appear to affect 5-year DFS and 5-year OS in the NC (*P*: 0.15). However, in the AC group, patients with urothelial cancers did appear to have improved 5-year OS (56 vs. 43%, *P* = 0.001) and 5-year DFS (31 vs. 19%, *P* = 0.002) compared to patients with non-urothelial tumors.

In a secondary analysis of the SWOG S8710 study, the efficacy of NC was estimated in relation to histology, divided into urothelial tumors and mixed forms. There was a survival benefit for NC in patients with mixed histology (HR: 0.46, 95% CI 0.25--0.87, *P*: 0.02), as well as in those with urothelial tumors, although not statistically significant (HR: 0.90; 95% CI 0.67--1.21; *P*: 0.48) ([@B18]). These results, together with those of our study, suggest that the presence of a non-urothelial component may not confer resistance to chemotherapy, and does not constitute an element of absolute exclusion from perioperative treatment. Better 5-year DFS and OS were /not was not obtained with urothelial tumors in the AC group. Given the retrospective nature of the analysis, this cannot lead to definitive conclusions.

Our study is one of the largest global analyses conducted so far comparing outcomes between NC and AC in MIBC across major international centers involved in the treatment of urogenital tumors and with experience in this field. Nonetheless, it has several limitations that derive mainly from the retrospective nature of the study, a potential bias in the distribution of patient characteristics and the type of statistical analysis, which does not allow definitive conclusions. A major limitation in this comparison is that NC is administered based on clinical staging whereas AC is given based on pathologic staging, making the comparison even more difficult. There is always the potential for heterogeneity in outcomes and understaging based on clinical staging.

Another problem is the lack of data concerning performance status in all patients, and the heterogeneity of chemotherapy treatments, often without cisplatin (more than 20% of patients treated without cisplatin in each group). Moreover, subsequent therapies for metastatic disease, that may have affected OS and CSS results, were not available for all patients.

Ongoing trials such as the VESPER trial (NCT01812369) of perioperative chemotherapy for patients with locally advanced bladder cancer, have the aim of comparing the efficacy of GC and HD-MVAC in terms of PFS in patients treated with perioperative treatment, both before and after surgery. Another trial conducted by the SWOG will use the Co-eXpressionExtrapolatioN (COXEN) model to evaluate genetic profiling. Patients will be treated with either GC or HD M-VAC in the NCsetting (NCT02788201).

Moreover, the combination of multiple treatments, could be a way to achieve a better survival compared to surgery and perioperative chemotherapy. In a recent prospective randomized phase 2 study by Zaghloul et al. ([@B19]), AC with cisplatin and gemcitabine, was compared to the combination of AC plus radiotherapy, with a statistically significant improvement in locoregional recurrence free survival and a trend in better DFS and OS.

With new data arising from multiple TCGA analytical platforms, the hope in the future is that better molecular characterization of bladder cancers will help us to determine useful predictive factors to select patients who will benefit most from perioperative chemotherapy or other novel therapies ([@B20]).
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